Background. Conflicting data exist regarding optimum local therapy for early-stage triple-negative breast cancer (TNBC). We examined outcomes according to local treatment type in a large cohort of node-negative TNBC patients. Methods. A total of 1,242 consecutive patients with TNBC treated at a single institution from 1999 to 2008 were identified. Of these, 646 with pathologic stage T1-2N0 TNBC underwent breast-conserving therapy (BCT) (N = 448) or total mastectomy (TM) without postmastectomy radiation (N = 198) and comprised the study population. Locoregional recurrence (LRR), distant metastasis (DM), and overall recurrence were investigated with a competing risk analysis using Gray's test and multivariable Fine and Gray competing risk regression. Overall survival was assessed using standard Kaplan-Meier methods and a Cox proportional hazards analysis. Results. Median follow-up was 78.3 months (range 1-156). Eight-one percent of patients received adjuvant chemotherapy. TM patients were younger, were more likely to have lymphovascular invasion, and had larger tumors than patients undergoing BCT (all P B 0.05). The 5-year cumulative incidence of LRR was 4.2 and 5.4 % for patients undergoing BCT and TM, respectively. There was no significant difference in LRR, DM, overall recurrence, disease free survival, or overall survival between groups on univariate analysis, or after adjusting for other variables in multivariate models. Lack of chemotherapy and high tumor stage independently predicted for decreased overall survival (both P \ 0.001). Conclusions. A low, 5-year risk of LRR (4.7 %) was achieved in a large group of women with T1-2N0 TNBC treated with multimodality therapy. BCT was as equally effective as TM for local and distant control.
ABSTRACT
Background. Conflicting data exist regarding optimum local therapy for early-stage triple-negative breast cancer (TNBC). We examined outcomes according to local treatment type in a large cohort of node-negative TNBC patients. Methods. A total of 1,242 consecutive patients with TNBC treated at a single institution from 1999 to 2008 were identified. Of these, 646 with pathologic stage T1-2N0 TNBC underwent breast-conserving therapy (BCT) (N = 448) or total mastectomy (TM) without postmastectomy radiation (N = 198) and comprised the study population. Locoregional recurrence (LRR), distant metastasis (DM), and overall recurrence were investigated with a competing risk analysis using Gray's test and multivariable Fine and Gray competing risk regression. Overall survival was assessed using standard Kaplan-Meier methods and a Cox proportional hazards analysis. Results. Median follow-up was 78.3 months (range 1-156). Eight-one percent of patients received adjuvant chemotherapy. TM patients were younger, were more likely to have lymphovascular invasion, and had larger tumors than patients undergoing BCT (all P B 0.05). The 5-year cumulative incidence of LRR was 4.2 and 5.4 % for patients undergoing BCT and TM, respectively. There was no significant difference in LRR, DM, overall recurrence, disease free survival, or overall survival between groups on univariate analysis, or after adjusting for other variables in multivariate models. Lack of chemotherapy and high tumor stage independently predicted for decreased overall survival (both P \ 0.001). Conclusions. A low, 5-year risk of LRR (4.7 %) was achieved in a large group of women with T1-2N0 TNBC treated with multimodality therapy. BCT was as equally effective as TM for local and distant control.
The poor prognosis of triple-negative breast cancer (TNBC) relative to other biologic subtypes of breast cancer has been well established during the past decade.
1,2 Several studies, largely consisting of patients treated in an era that predates the use of trastuzumab, have demonstrated the increased risk of LRR of triple-negative and HER2-neupositive breast cancers relative to hormone receptor-positive breast cancers in patients treated with breastconserving therapy (BCT). [3] [4] [5] [6] Similarly, an increased risk of locoregional recurrence (LRR) in TNBC patients following total mastectomy (TM) also has been shown, even when postmastectomy radiation is delivered. 6, 7 Recently, the classic paradigm of equivalent locoregional control with BCT or mastectomy has been questioned in patients with TNBC. Whereas some have reported that BCT provides superior locoregional control compared with mastectomy for early-stage TNBC, others have been unable to validate these findings. 8, 9 Given the uncertainty regarding optimal local treatment recommendations in this population, we undertook the present study to evaluate the locoregional outcomes of BCT and mastectomy in early-stage, node-negative TNBC patients treated in a contemporaneous era with a modern multimodality therapeutic paradigm.
METHODS

Patient Selection
TNBC patients were identified from clinical pathology reports. Absence of ER or PR staining or HER2 staining classified as 0 or 1? were considered negative. In the case of tumors with equivocal HER2 status after immunohistochemistry (2?), fluorescence in situ hybridization was performed to assess for amplification (defined as HER2 to probe ratio [2.2) . A total of 1,242 consecutive patients with newly diagnosed stage I to III TNBC treated with primary surgery and without neoadjuvant chemotherapy at Memorial Sloan-Kettering Cancer Center (MSKCC) from 1999 to 2008 were identified from an institutional database. The following exclusion criteria were applied: T3/T4 or positive lymph nodes (N = 485), breast-conserving surgery (BCS) without RT (N = 26), or unknown adjuvant chemotherapy or radiation status (N = 84). Patients with isolated tumor cells identified only on immunohistochemical staining (pN0(i?)) were included. There were 646 patients with T1-2N0 TNBC available for analysis. Tumor and lymph node staging was performed according to seventh edition of the American Joint Committee on Cancer. 10 Clinical information was abstracted from electronic medical records. Information regarding breast cancer susceptibility gene (BRCA1/BRCA2) mutation status was obtained from the MSKCC clinical genetics service database. This study was approved by the Institutional Review Board.
Treatment and Follow-up
Surgical treatment consisted of breast-conserving surgery or TM. Eighty-seven percent of patients underwent sentinel lymph node biopsy alone and 13 % of patients had axillary dissections. Negative margins, defined as tumor cells not touching the ink, were obtained in 99 % of patients. All patients undergoing BCS received postoperative whole breast radiation. Separate supraclavicular or axillary boost fields were not utilized. At the discretion of the treating radiation oncologist, 92.6 % of BCT patients received a boost to the lumpectomy cavity. The total median radiation dose was 60.4 Gy (range 42.4-69.0). No patient undergoing mastectomy received postmastectomy radiation.
Endpoints and Statistics
All endpoints were defined in accordance with the STEEP criteria.
11 LRR were biopsy-proven and defined as tumor recurring in the breast, chest wall, or the ipsilateral regional lymph nodes (axillary, supraclavicular, internal mammary) either as a first breast cancer event or simultaneously with distant recurrence. Time to local and distant relapse was calculated from the date of core biopsy, as was survival time. Baseline clinical characteristics were compared using Fisher's exact test. For LRR, distant metastasis (DM), and overall recurrence, competing risk analysis was used to estimate the cumulative incidence rate (CIR). Gray's test was used to compare the CIRs. For LRR and DM, given a limited number of events, variables with univariate P value \0.15 were examined in a Fine and Gray multivariable model along with the surgery type, chemotherapy, and tumor stage. For overall recurrence, all variables were included in the multivariate model.
Analysis for disease-free survival and overall survival was similar to overall recurrence, except that the standard Kaplan-Meier method was used to estimate actuarial survival probabilities and a Cox proportional hazards model was used to estimate univariate and multivariate hazard ratios and 95 % confidence intervals. All statistical analyses were performed in software packages SAS 9.2 (SAS Institute Inc., Cary, NC) and R version 2.13 (The R Foundation for Statistical Computing, Vienna, Austria). A test with the P value \0.05 was considered statistically significant.
RESULTS
Baseline characteristics for patients by surgery type are described in Table 1 . Overall, 448 patients (69 %) received BCT and 198 (31 %) underwent TM. The median age at diagnosis was 54 years (range 20-88). Eighty-one percent of patients received adjuvant chemotherapy. For those receiving chemotherapy, systemic regimens were anthracycline and taxane-based in 46 %, anthracycline-based without taxanes in 13 %, cyclophosphamide, methotrexate, and fluorouracil (CMF) based in 37 %, and another regimen in 4 %. Compared with patients undergoing TM, BCT patients were older (P \ 0.001), more likely to identify as non-black race (P = 0.040), less likely to have lymphovascular invasion (P = 0.042), and had a lower tumor stage (P = 0.023). Additionally, patients receiving BCT were significantly less likely to undergo axillary dissection (P \ 0.001) and to have BRCA mutations (P \ 0.001). No significant difference in tumor grade or chemotherapy use was noted between the groups.
In total, 117 patients were tested for BRCA mutations, including 51 undergoing mastectomy and 66 undergoing BCT. Of these, there were 45 deleterious BRCA mutations detected, including 29 in mastectomy patients and 16 in BCT patients. Median follow-up was 76.4 months (range 1-156) for surviving patients, and was similar for patients undergoing BCT (79.7 months) or mastectomy (77.1 months).
There were 33 LRR (crude LRR rate = 5.3%) in our cohort. Twenty of 448 BCT patients (4.5 %) experienced LRR, including 10 local recurrences, 6 regional recurrences, and 4 simultaneous local and regional recurrences. A similar pattern was seen after TM with a total LRR rate of 6.6 %, which included 8 local recurrences, 4 regional recurrences, and 1 patient with both. The 5-year cumulative incidence of LRR for patients undergoing BCT was 4.2 % compared with 5.4 % for patients receiving mastectomy (Fig. 1a) . There was no significant difference in LRR when comparing BCT and mastectomy in a competing risk univariate analysis (Table 2 , hazard ratio (HR) = 1.5, 95 % confidence interval (CI) 0.75-3.01, P = 0.25). There were trends toward increased LRR for patients with lymphovascular invasion (HR = 2.12, 95 % CI 1-4.53, P = 0.051) and those not receiving chemotherapy (HR = 3.62, 95 % CI 0.85-15.36, P = 0.081). After multivariate adjustment, there continued to be no difference in locoregional outcomes between BCT and mastectomy ( Table 3 , odds ratio (OR) = 1.44, 95 % CI 0.71-2.92, P = 0.31). No independent predictors for LRR were identified in the final multivariate model. Fifty-two patients (8 %) developed distant metastasis, including 36 (8 %) BCT patients and 16 (8.1 %) TM patients. The 5-year cumulative incidence of DM was 8.2 % for patients receiving BCT compared with 8.1 % for those receiving TM (Fig. 1b) . On univariate analysis, the rate of DM did not differ among patients having BCT or TM ( Table 2 , HR = 0.97, 95 % CI 0.54-1.75, P = 0.92). Multivariate analysis (Table 3) failed to identify any independent predictors for distant metastasis, although there was a trend for an increased rate of distant metastasis with T2 tumors (HR = 2.24, 95 % CI 0.99-5.07, P = 0.053).
Finally, there was no difference in overall survival with either BCT or TM in univariate ( Table 2 , HR = 1.07, 95 % CI 0.64-1.79, P = 0.801) or multivariate analysis (Table 3, 
DISCUSSION
In this study of 646 patients with T1-2N0 TNBC treated at our institution over nearly a decade, we found no advantage for either BCT or mastectomy in terms of locoregional control, distant relapse, overall recurrence, or BCT breast-conserving therapy, LVI lymphovascular invasion, CMF cyclophosphamide methotrexate fluorouracil a Unknowns were removed from the test overall survival. The 5-year cumulative incidence rate of LRR was 4.2 % with BCT versus 5.4 % with mastectomy, underscoring the favorable locoregional control rates that are achievable in this population utilizing a modern multimodality therapeutic approach. Given the low number of locoregional events, we were unable to identify any independent predictors for an increased risk of LRR in our multivariate model. These findings corroborate those of a recently published study of 1,325 patients with TNBC treated at the MD Anderson Cancer Center, in which surgery type was not found to be a predictor of LRR after multivariate adjustment for known prognostic factors (HR = 1.07, 95 % CI 0.86-1.34, P = 0.55). 9 Despite the relatively large sample size, there were several limitations of this study, including a heterogeneous population including all clinical stages and significant imbalances between the BCT and mastectomy groups in terms of tumor stage, nodal stage, and lymphovascular invasion, all favoring patients receiving BCT. In addition, more than half of the patients were treated before 2000 and 58 % of the entire cohort had node-positive disease. Both of these factors in part may explain the 27 % 5-year LRR rate observed in these patients. In aggregate, the heterogeneous patient population and the time period during which the majority of patients were accrued may limit the applicability of these results to current populations of early-stage TNBC patients.
In contrast, a retrospective subset analysis from the University of Alberta demonstrated that in 468 women with T1-2N0 TNBC, patients treated with BCT had significantly better locoregional control compared with women treated with mastectomy. 8 With a median followup of 7.2 years, BCT patients had a 5-year actuarial LRR rate of 4 % compared with 10 % in patients who underwent mastectomy (P = 0.022). The authors attempted to correct for potential imbalances in clinical and pathological characteristics in the two surgical groups by performing multivariate analyses for both the entire T1-2N0 subset and in 195 pairs of patients from either treatment arm matched for tumor stage. In both of these analyses, the significantly improved locoregional outcomes for patients undergoing BCT persisted.
Several features may explain the discrepant results between our study and the University of Alberta series. In keeping with modern standards, the majority (81 %) of patients in our study received adjuvant chemotherapy compared with only 35 % of those with T1-2N0 breast cancer in the University of Alberta study. Given the beneficial impact of systemic therapy on locoregional control, it is possible that the underutilization of chemotherapy may account partially for the higher 5-year LRR of 10 % observed after mastectomy in the University of Alberta study compared with 5.4 % in our study. 12 Additionally, details regarding the comparison for prognostic factors, such as margin status, number of nodes removed, BRCA status, chemotherapy type, and length of follow-up between the treatment groups were not reported in the University of Alberta study and may have influenced the results. Finally, the statistical methods employed were inherently different. The University of Alberta study employed Kaplan-Meier and Cox regression analysis to calculate actuarial LRR rates, which examines only first events and ignores the dependent relationship between locoregional and distant events in breast cancer. In our study, we utilized competing risk analyses that minimized potential bias by taking into account the effect of multiple locoregional and distant events, a statistical practice that is particularly germane to studies of TNBC, in which there is a higher propensity for early events compared with other biologic subtypes of breast cancer. 13 Our series represents the largest population of TNBC patients with exclusively T1-2N0 tumors to date and expands upon the results of a previous study from our center reporting locoregional and distant outcomes in 194 patients with subcentimeter, node-negative TNBC.
14 Even with the addition of 458 patients with larger TNBC tumors, locoregional outcomes in the current study were comparable to the 5-year, LRR-free survival of 96 % observed in the T1a/T1bN0 TNBC patients from the prior study, of whom only 58 % received chemotherapy. These data challenge conventional beliefs regarding the effect of increasing tumor size on locoregional outcomes. It is possible that classic tumor size-prognosis relationships are not relevant to node-negative TNBC, analogous to the observation that number of positive nodes is unrelated to prognosis in node-positive TNBC. 15 Another notable aspect of our study was the availability of genetics information for a proportion of the study population. Given the modest proportion (18 %) of the study cohort tested, it is unlikely that genetic testing results significantly biased the choice of surgical treatment. The 38 % prevalence of BRCA mutations amongst the 117 patients in our cohort undergoing BRCA testing is somewhat higher than the 20-29 % incidence rate of BRCA mutations reported in other TNBC series, but most likely represents more rigorous selection process for genetic testing based on family history, ethnicity, and age. [16] [17] [18] In any event, in our study BRCA mutation status had no detectable impact on study outcomes (data not shown), consistent with other studies reporting similar overall prognoses of BRCA mutation carriers and noncarriers, although the low number of events amongst the 45 patients testing positive for BRCA mutations limits the ability to draw robust statistical conclusions. 19 We acknowledge several limitations of this study; the most significant is that it is a single institution, retrospective, nonrandomized study. Not surprisingly, there were differences in the clinical and pathologic characteristics of patients receiving BCT compared with those undergoing mastectomy. Although we attempted to correct for these imbalances using multivariate analyses, unmeasured confounding factors may have influenced the outcome. Furthermore, despite the large size of our patient cohort, there were relatively few locoregional events, limiting the statistical power of the study to identify predictors of LRR or to detect a small, but statistically significant, difference in LRR. However, given that the absolute cumulative incidence of LRR at 5 years was 4.2 and 5.4 % for BCT and mastectomy, respectively, and that four LRRs must be prevented at 5 years to prevent one death from breast cancer at 15 years, it is highly unlikely that increased patient numbers would produce a clinically meaningful change in our results. 20 Given that it is unlikely that a randomized trial comparing BCT to mastectomy for TNBC will be conducted in the near future, we believe that the results of this retrospective study contribute to the growing body of evidence showing that early-stage TNBC patients treated with a modern multimodality paradigm employing contemporary surgery and radiation techniques in combination with chemotherapy can achieve acceptable locoregional outcomes regardless of the extent of surgery. The major implication of these data is that once tumor burden is reduced to subclinical disease following adequate surgical treatment, tumor biology and the quality of systemic therapy, not the extent of surgery, are the main determinants of prognosis in TNBC. To this end, more aggressive local therapy is unlikely to improve outcomes significantly in these patients. Rather, improving upon the results observed to date will require refining our understanding of the biologic heterogeneity of TNBC, defining clinically applicable molecular signatures that predict treatment response and patterns of recurrence, and developing systemic agents that are selectively lethal to TNBC cells. [21] [22] [23] [24] [25] 
